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Information on personal i ty, on anxiety and depression and on several  aspects of rel igion was
col lected in 1974 Dutch fami l ies consisting of adolescent and young adul t tw ins and thei r  parents.
Analyses of these data showed that di fferences between individuals in rel igious upbr inging, in
rel igious affi l iation and in par ticipation in church activi ties are not influenced by genetic factors.
The fami l ial  resemblance for  di fferent aspects of rel igion is high, but can be explained enti rely by
envi ronmental  influences common to fami ly members. Shared genes do not contr ibute to fami l ial
resemblances in rel igion. The absence of genetic influences on var iation in several  dimensions of
rel igion is in contrast to findings of genetic influences on a large number  of other  trai ts that were
studied in these twin fami l ies. Di fferences in rel igious background are associated wi th di fferences
in personal i ty, especial ly in Sensation Seeking. Subjects wi th a rel igious upbr inging, who are
currently rel igious and who engage in church activi ties score lower  on the scales of the Sensation
Seeking Questionnai re. The most pronounced effect is on the Disinhibi tion scale. The resem-
blances between twins for  the Disinhibi tion scale di ffer  according to thei r  rel igious upbr inging.
Receiving a rel igious upbr inging seems to reduce the influence of genetic factors on Disinhibi tion,
especial ly in males.
Keywords: genotype  envi ronment (G E) interaction, tw ins, rel igion, personal i ty, sensation
seeking
Introduction
A frequently observed finding from behavioural
genetics research is that resemblances between fam-
i ly members for a wide range of human character-
istics are mainly due to shared genes and not to
shared envi ronment. We have studied variables
related to personal i ty, psychopathology, l i fe style,
cardiovascular disease, brain function, cogni tion
and intel l igence in twins of di fferent ages. These
twins, and sometimes thei r fami ly members such as
parents and sibl ings, participate in research projects
that requi re them to come to the laboratory for
electrophysiological  assessment of brain function,
for example, or they are visi ted at home for assess-
ment of IQ or for 24-hour ambulant registration of
heart rate and blood pressure. Other twin fami l ies
participate in large scale surveys that are conducted
by mai led questionnai res.
In Figures1 and 2 a summary is presented,
separately for males and females, of the main resul ts
from these studies in Dutch twins, who are regis-
tered wi th the Netherlands Twin Registry.
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The dark
bars represent heri tabi l i ties, the shaded bars give
estimates for the influence of shared envi ronment
and the l ight bars show the influence of unique
envi ronmental  effects (including any effect of age).
In these figures, the variables have been grouped into
four domains: cardiovascular parameters and l i fe
style factors influencing risk for cardiovascular
disease and heal th, information processing and
memory and biological  parameters related to infor-
mation processing, personal i ty and psychopathology
and intel l igence. Several  main findings are obvious
from these figures: there are few systematic di ffer-
ences in heri tabi l i ties across the di fferent domains;
wi thin each domain there are large di fferences in
heri tabi l i ties (wi th the possible exception of the
personal i ty domain); there is very l i ttle di fference in
the genetic archi tecture of individual  di fferences
between males and females; the largest part of the
resemblances between fami ly members can be attrib-
uted to shared genes and only a few trai ts show an
important contribution of shared fami ly
envi ronment.
Bi rth weight is one of the trai ts that is influenced
to a relatively large extent by shared envi ronment
(though we do not know whether this shared
envi ronment for tw ins represents the influence of
maternal  genes), and IQ at an early age also shows a
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significant contribution of the envi ronment that is
common to 5-year-olds who grow up in the same
fami ly. During adolescence and young adul thood,
ini tiation of smoking and drinking is for a large part
due to envi ronmental  influences shared by twins
l iving in the same household (analysing smoking
and drinking data from the twins simul taneously
wi th simi lar data from thei r parents, suggested that
these shared envi ronmental  influences do not con-
sist of any di rect influence of parental  smoking or
drinking behaviour on smoking or drinking behav-
iour in thei r offspring). Of the large number of
variables that have been studied in the past 10 years,
rel igion is the only trai t that does not seem to be
influenced by genotype. The fami l ial  resemblance
for di fferent aspects of rel igion – upbringing, rel ig-
ious affi l iation and active participation – is very
large. In contrast to the other variables summarised
in Figures1 and 2, however, genetic factors do not
contribute to this fami l ial  resemblance.
For this paper we explored the influence of
rel igion on a number of personal i ty trai ts in Dutch
adolescent and young adul t tw ins and thei r parents.
We first looked at the influence of di fferent aspects of
rel igion on average scores for personal i ty character-
istics such as neuroticism, extraversion and sensa-
tion seeking and on depression and anxiety. Analys-
ing average personal i ty scores in rel igious and
non-rel igious groups, we found that several  trai ts are
significantly associated wi th rel igion in both sexes
and both generations. The association between rel ig-
ion and personal i ty was found to be especial ly
strong for the Disinhibi tion scale of the Sensation
Seeking Questionnai re. We therefore selected this
scale to look at the genetic archi tecture of Disinhibi -
tion in male and female twins wi th and wi thout a
Figure1 Estimates of heri tabi l i ty (h2) and the contributions of shared (c2) and unique envi ronmental  (e2) factors and age to phenotypic
variance for a number of trai ts in females. Average age of the subjects is given in parentheses. Trai ts are cardiovascular risk parameters
(Lipoprotein(a) to bi rth weight), behavioural  and electrophysiological  indices of neural  speed and brain function (EEG alpha power to
ERP-P3 ampl i tude), personal i ty (Sensation Seeking to Rel igion) and intel l igence (at 6 di fferent ages). Estimates were obtained from the
best fi tting models (usual ly AE wi thout sex di fferences)
1–29
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rel igious upbringing. More specifical ly, we tested
whether, in addi tion to an effect on means, there was
any evidence for an interaction between genotype
and envi ronment (G  E) on disinhibi tion scores.
The approach suggested by Eaves
31
to test for the
presence of G  E interaction involving a dichot-
omous envi ronmental  variable (eg presence or
absence of a rel igious upbringing) was fol lowed. In
this approach the influences of genotype and envi -
ronment on disinhibi tion scores are estimated condi -
tional  upon envi ronmental  exposure. When there is
no interaction, the influence of genetic and envi ron-
mental  factors should not di ffer between twins wi th
and wi thout a rel igious upbringing. If genetic effects
are modified by rel igious upbringing (di ffer sig-
nificantly between the rel igious and non-rel igious
groups), then this consti tutes evidence for G  E
interaction; see also Heath et al
32
for an appl ication
of this model  to alcohol  consumption and Heath et
al
33
for an appl ication to symptoms of depression in
married and unmarried female Austral ian twins.
Subjects and methods
This study is part of a longi tudinal  questionnai re
study, that assesses fami l ies wi th adolescent and
young adul t tw ins every two years since 1991. The
data presented in this paper come from the 1993
survey, which was sent both to fami l ies who had also
participated in the study in 1991 (49% of the
sample) and to newly recrui ted fami l ies. Addresses
Figure2 Estimates of heri tabi l i ty (h2) and the contributions of shared (c2) and unique envi ronmental  (e2) factors and age to phenotypic
variance for a number of trai ts in males. Average age of the subjects is given in parentheses. Trai ts are cardiovascular risk parameters
(Lipoprotein(a) to bi rth weight), behavioural  and electrophysiological  indices of neural  speed and brain function (EEG alpha power to
ERP-P3 ampl i tude), personal i ty (Sensation Seeking to Rel igion) and intel l igence (at 6 di fferent ages). Estimates were obtained from the
best fi tting models (usual ly AE wi thout sex di fferences)
1–29
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of tw ins were obtained from Ci ty Counci l
registries.
34,35
In 1993, subjects received an 18-page booklet
which contained a large number of personal i ty
inventories, i tems about rel igion, zygosi ty, school -
ing, socio-economic status, fami ly structure, heal th,
and questions about physical  exercise habi ts, use of
tobacco, use of soft and hard drugs, use of alcohol
and alcohol  problems. There were three i tems about
rel igion: rel igious upbringing (no/yes), rel igious
affi l iation (seven categories: none; Roman Cathol ic;
Reformed; Calvinist; Islamic; Hindu and other) and
active participation in rel igious activi ties (three
categories: none, I am not rel igious; rel igious but do
not participate; yes, active member of a church). For
most analyses the question about rel igious affi l iation
was recoded into five (none; Roman Cathol ic;
Reformed, Calvinist; other) or into two categories
(no/yes).
The total  number of participating fami l ies was
1974. There were 1768 fathers (average age 48 years),
1918 mothers (46 years) and 1967 twin pai rs (17.8
years) who completed the questionnai res. For the
majori ty of the twin pai rs zygosi ty was determined
from questions about physical  simi lari ty and confu-
sion of the twins by fami ly members, friends and
strangers. For 161 same-sex twin pai rs information
on thei r zygosi ty was avai lable from blood group
and/or DNA polymorphisms. The agreement
between zygosi ty diagnosis from questionnai re and
DNA data was 90% (in a larger group of 405 same-
sex twin pai rs of the same age who participated in
other research projects the agreement between DNA/
blood group polymorphisms and questionnai re data
on zygosi ty was 95%). The zygosi ty of the twins was
40% MZ and 60% DZ, wi th a nearly equal  participa-
tion of male and female twins (MZM = 327 (17%),
MZF = 457 (23%), DZM = 284 (14%), DZF = 356
(18%), DOS = 543 pai rs (28%)).
Statistical analyses
Resemblances between members of a twin pai r
(monozygotic male and female pai rs, dizygotic same-
sex and opposi te-sex pai rs) for di fferent aspects of
rel igious behaviour were summarised into tetra-
choric correlations (for dichotomous variables) and
polychoric correlations (for the rel igious participa-
tion i tem). The 2  2 contingency tables of data from
the first and second born twins (or male and female
twins of opposi te-sex pai rs) were used to obtain
these correlations in Mx.
36
The influence of rel igion on personal i ty was first
tested simul taneously for al l  11 personal i ty/psycho-
pathology trai ts by Mul tivariate Analysis of Variance
(MANOVA), separately for both sexes and both
generations. Observations on twin pai rs are not
statistical ly independent. The bias that wi l l  arise
when this compl ication is ignored, however, is
minimal  wi th sample sizes as large as in the present
study.
32
The MANOVAs were fol lowed by univariate
ANOVAs for each variable, again separately for both
sexes and both generations.
The genetic analysis of individual  di fferences in
Disinhibi tion scores employed a Structural  Equation
Model l ing (SEM) approach. SEM provides a general
way to analyse the causes of variation in data
gathered in genetical ly informative samples such as
MZ and DZ twins.
37
In applying SEM to these data,
genetic and envi ronmental  effects are model led as
the contribution of latent (unmeasured) variables to
the phenotypic individual  di fferences. These latent
factors represent the effects of many unidentified
influences. In the case of a genetic factor, these
effects are due to a possibly large, but unknown,
number of genes. Envi ronmental  factors are usual ly
divided into common envi ronmental  influences that
cause resemblance between fami ly members l iving
together and unique envi ronmental  influences that
cause fami ly members to be di fferent (unique envi -
ronmental  influences also include any effects of
measurement error). The contributions of the latent
genetic and envi ronmental  variables are estimated as
regression coefficients (path coefficients) in the
l inear regression of the observed variables on the
latent variables. If the latent variables are standar-
dised to have uni t variance, the square of these
coefficients gives the amount of genetic, common
and unique envi ronmental  variance. Identification of
these models is achieved because MZ twins are
genetical ly identical , whi lst DZ twins share on
average 50% of thei r segregating genes. If MZ twins
resemble each other more than DZ twins, this is
evidence for the importance of genetic influences on
the trai t under consideration.
To test for G  E interaction the sample was
divided into pai rs in which both twins reported a
rel igious upbringing (945 pai rs) and pai rs in which
both twins repl ied that they received a non-rel igious
upbringing (837 pai rs). The pai rs (131) who did not
agree on the answer on the question about rel igious
upbringing and the pai rs in which only one of tw ins
(42) or nei ther tw in (19) answered the question about
rel igious upbringing were omi tted from the
analyses.
Genetic analyses were carried out simul taneously
on the data from male and female MZ and DZ and
opposi te-sex DZ twin pai rs, wi th and wi thout a
rel igious upbringing (10 groups). Addi tive genetic
effects (A), envi ronmental  effects common to off-
spring growing up together in the same fami ly (C)
and unique envi ronmental  effects (E) were estimated
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condi tional  upon sex and rel igious upbringing.
When there is no G  E interaction, the estimates for
the genetic and envi ronmental  effects should not
vary between groups wi th and wi thout a rel igious
upbringing. Evidence for G E interaction obtains
when the estimates for the proportion of genetic
variance di ffer between groups. Di fferent estimates
between groups wi th and wi thout a rel igious
upbringing for the amount of variance in Disinhibi -
tion scores that can be explained by genetic factors,
impl ies that rel igious upbringing acts as a modifier
of genetic effects on Disinhibi tion. If mean di ffer-
ences between subjects wi th and wi thout a rel igious
upbringing are associated wi th di fferent error vari -
ances in the two groups (heteroscedastici ty), this
would lead to di fferent estimates for the proportion
of unique envi ronmental  variance. Heteroscedas-
tici ty would thus also lead to di fferences in heri t-
abi l i ties between the groups, wi thout any G  E
interaction effects. Heteroscedastici ty was tested for
by comparing the fi t of a model  wi th di fferent
estimates for unique envi ronmental  variances in
rel igious and non-rel igious groups to a model  in
which the two estimates were constrained to be
equal . In addi tion, before any models were fi tted to
the data we also inspected in MZ twin pai rs the
association between absolute pai r di fferences and
pai r sums for Disinhibi tion.
38,39
No systematic het-
eroscedastici ty was found in the data using this test
(the correlation between sums and absolute di ffer-
ences was –0.04 in MZM and 0.03 in MZF pai rs).
Model  fi tting was done di rectly on the raw data,
instead of first summarising the data into covariance
matrices. By using this approach i t was possible to
include those twin pai rs (35) into the analysis, who
had both answered the question about rel igious
upbringing, but who had missing data for ei ther the
first or the second-born twin on the Disinhibi tion
scale of the Sensation Seeking Questionnai re.
In the most general  model  the fol lowing parame-
ters were estimated for males and females: a mean
disinhibi tion score depending on rel igious upbring-
ing, and three variance components (genetic, shared
and unique envi ronmental  variances). Next, the
estimates for the three variance components were
constrained to be equal  for females wi th and wi thout
a rel igious upbringing and for males wi th and
wi thout a rel igious upbringing.
Parameters were estimated by maximum-l ikel i -
hood methods in Mx.
36
The l ikel ihoods obtained for
di fferent methods were compared wi th 2 di fference
tests where 2 = 2(L1 – L0). L1 and L0 denote the log
l ikel ihoods of the general  (H1) and a constrained (H0)
hypothesis. The degrees of freedom (df) for this test
are equal  to the number of constrained parameters
between H1 and H0.
Resul ts
The sample of tw in fami l ies was fai rly representative
of the Dutch population wi th respect to rel igious
affi l iation. Table1 gives information on rel igious
affi l iation for the Dutch population,
40
for parents of
twins, and for tw ins themselves (according to sex
and zygosi ty). The largest di fference between census
data and data from twin fami l ies was in the parental
generation, in which the number of people reporting
no rel igious affi l iation was smal ler and the number
reporting a Roman Cathol ic affi l iation was somewhat
larger for parents of tw ins than for the general
population. One l ikely explanation for this finding is
that being rel igious is associated wi th having chi l -
dren and that the census sample and the sample of
parents of tw ins di ffer wi th respect to having had
chi ldren. Table1 also shows a substantial  di fference
between generations for sel f-reported rel igious affi l i -
ation: whereas only 28% of fathers and 24% of
mothers reported no rel igious affi l iation, around
40% of thei r offspring chose this answer.
Part of the sample that participated in the 1993
survey also took part in the 1991 survey, so i t was
possible to look at the stabi l i ty of rel igious affi l iation
(questions about upbringing and participation in
church activi ties were not included in the 1991
survey). In the older generation, 86% of parents and
in the offspring generation 83% of tw ins reported the
same rel igious affi l iation in 1991 and 1993. This
high stabi l i ty suggests a sufficient rel iabi l i ty for the
rel igious affi l iation i tem.
In Table2 the data from MZ and DZ twins are
presented for the questions about rel igious upbring-
ing, on whether or not they are currently rel igious
(the rel igious affi l iation i tem was dichotomised into
no/yes for these analyses) and on thei r participation
in rel igious activi ties (three response categories).
Table2 first gives the percentage of yes answers and
next the percentage of tw in pai rs who gave the same
answer (concordant pai rs) to these questions. The
Table 1 Rel igion of twins and thei r parents
None R.C. Reformed Calvinist Other
Census 37% 34% 17% 8% 5%
Father 28% 39% 19% 9% 5%
Mother 24% 42% 19% 10% 5%
MZM 41% 35% 10% 9% 5%
DZM 42% 35% 12% 6% 5%
MZF 37% 37% 14% 9% 4%
DZF 37% 35% 13% 10% 5%
DOS 38% 31% 17% 8% 6%
Census data col lected in 1991 in subjects age 18 years and older,
twin fami ly data col lected in 1993.
MZM: monozygotic males; DZM: dizygotic males; MZF:
monozygotic females; DZF: dizygotic females; DOS: dizygotic
opposi te sex twins
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last column in Table2 gives the tetrachoric (or
polychoric) correlation between members of a twin
pai r as estimated from the 2  2 (or 3  3) con-
tigency tables. As can probably be expected, there is
a high agreement between members of tw in pai rs on
whether or not they had a rel igious upbringing.
Correlations in al l  zygosi ty groups are above 0.9. For
the answers on the questions about current rel igion
and rel igious practice, however, the agreement
between members of a twin pai r is as high as for the
question on rel igious upbringing. There is no di ffer-
ence in the correlations for MZ and DZ twins. Fi tting
a genetic vs a shared envi ronmental  model  to these
data, showed that a model  that specified only shared
envi ronmental  influences and left out the influence
of genetic factors fi tted the data as wel l  as a ful l  ACE
model , confirming that genetic influences do not
contribute to variation in any of the di fferent aspects
of rel igion.
Di fferences in personal i ty and in anxiety and
depression between rel igious groups were tested by
MANOVA, separately for fathers and mothers of
twins and for male and female twins. In al l  four
groups MANOVA showed significant influences of
being currently rel igious and of participation in
rel igious activi ties. In al l  groups, except in the
mothers of tw ins, MANOVA also showed a sig-
nificant effect of rel igious upbringing on personal i ty
and anxiety and depression. Table3 summarises the
resul ts from the univariate analyses of variance, for
Anxiety, Depression and Neuroticism, for the four
Sensation Seeking scales, and for Extraversion,
Anger and Test Atti tude. For al l  scales (except Test
Atti tude) that show a significant effect of rel igion,
this effect was always in the same di rection: rel ig-
ious subjects, subjects wi th a rel igious upbringing
and subjects who were actively involved in rel igious
activi ties scored lower on al l  scales. The only
exception was the Test Atti tude (‘Lie’) Scale on
which they scored higher.
Clearly, the most consistent effect of rel igion was
on the four scales of the Sensation Seeking Ques-
tionnai re. In both fathers and mothers as wel l  as in
thei r offspring, the most significant influence of
rel igion was on the Disinhibi tion scale. This scale
measures ‘the desi re to find release through social
disinhibi tion, drinking, going to parties and having a
variety of sexual  partners’ and consists of i tems such
as ‘I l i ke wi ld uninhibi ted parties’, ‘I feel  best after
taking a couple of drinks’, ‘I l i ke to have new and
exci ting experiences and sensations even i f they are
a l i ttle unconventional  or i l legal ’ and ‘a person
should have considerable sexual  experiences before
marriage’.
41
Because sel f-reported rel igious upbringing of
twins divided the sample into two groups of roughly
equal  size, we chose this variable to explore whether
there was any evidence for an interaction between
Genotype and Envi ronment on Disinhibi tion scores.
Table 2 Rel igion in adolescent and young adul t tw ins,
prevalence, % concordant and tetrachoric correlation
Yes % Concord. Correlation
Rel igious upbringing
MZM (313) 52 96 0.99
DZM (276) 50 91 0.96
MZF (450) 54 94 0.98
DZF (347) 52 96 0.98
DOS (527) 54 92 0.97
Currently rel igious
MZM (312) 59 96 0.99
DZM (265) 58 91 0.96
MZF (437) 63 96 0.99
DZF (336) 63 95 0.99
DOS (527) 62 92 0.96
Participation in rel igious activi ties
% No/O/Yes* % Concord. Correlation
MZM (313) 50 24 26 85 0.94
DZM (272) 55 25 20 82 0.92
MZF (439) 46 27 27 88 0.96
DZF (339) 44 31 25 82 0.91
DOS (512) 49 24 27 81 0.92
* No: not rel igious; O: rel igious, but not actively participating;
Yes: active
Table 3 Rel igion (upbringing, currently rel igious and rel igious practice) and personal i ty in twin fami l ies (father, mother, son, daughter)
Religious upbringing Religious yes/no Religious practice
Fa Mo So Da Fa Mo So Da Fa Mo So Da
Anxiety49,50 – – – – ? – ? ? – ? – ?
Depression51 – – – ? ? ? Y ? ? – ? ?
Neuroticism52 Y – – – Y – – – Y – – Y
Somatic complaints52 – – – Y – – – ? – – – Y
Thri l l  and adventure seeking53–55 – – – Y Y – – Y Y ? – Y
Experience seeking53–55 ? – ? Y Y Y Y Y ? Y Y Y
Boredom susceptibi l i ty53–55 – – Y Y Y Y Y Y Y Y Y Y
Disinhibi tion53–55 Y Y Y Y Y Y Y Y Y Y Y Y
Extraversion52 – – – ? – – – – Y Y – Y
Anger56,57 – – – ? – – – – – – – –
Test atti tude52 – – – – – Y Y – Y Y Y –
Y = P<0.05, ? = P<0.10, – = P>0.10
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Rel igious upbringing, however, is closely associated
wi th the two other aspects of rel igion, current
affi l iation and active participation, as can be seen in
Table4. Nearly 80% of tw ins wi thout a rel igious
upbringing report that they have no rel igious affi l ia-
tion, whereas only 5% of tw ins wi th a rel igious
upbringing report no rel igious affi l iation. A lso, less
than 1% of tw ins who received no rel igious upbring-
ing answer that they are active in church activi ties.
For twins wi th a rel igious upbringing this percentage
is 51%.
In Figure3, mean Disinhibi tion scores are given
for subjects wi th and wi thout a rel igious upbringing,
for both generations and both sexes. In both sexes
and both generations, individuals wi th a rel igious
upbringing score lower than those wi thout a rel ig-
ious upbringing. (F ratios for the effect of rel igious
upbringing were F(1,1736) = 6.43 in fathers;
F(1,1888) = 5.02 in mothers; F(1,1700) = 38.03 in
sons and F(1,2114) = 58.52 in daughters). In addi -
tion, Figure3 shows the wel l -known effects of sex
and generation on Disinhibi tion: older individuals
score lower than younger ones and wi thin each
generation females score lower than males.
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Table5a gives the correlations between twins for
Disinhibi tion, for MZ and DZ twins condi tional
upon rel igious upbringing. Next, Table5b presents
the maximum l ikel ihood estimates for the mean
scores in the rel igious and non-rel igious group,
separately for males and females, and the ML
estimates of the percentages of variance explained by
genetic, common envi ronmental  and unique envi -
ronmental  influences. The pattern of tw in correla-
tions strongly suggests that envi ronment common to
twins from the same fami ly plays an important role
in explaining individual  di fferences in Disinhibi tion
scores in the rel igious group. For males, the MZ and
DZ twin correlations are the same (both 0.62). For
females, the MZ correlation (0.61) is sl ightly higher
than the DZ correlation (0.50). In contrast, the
pattern of correlations in twins wi thout a rel igious
upbringing is suggestive of genetic influences on
individual  di fferences in Disinhibi tion scores: MZ
correlations in male and female twins are sti l l
around 0.6, but DZ correlations are lower (0.35).
Twins of opposi te sex resemble each other less than
DZ same-sex twins, but the di fferences in correla-
tions are not very large.
Table5b gives the parameter estimates from the
most general  model  in which al l  estimates for
variance components (A, C and E) were al lowed to
di ffer between the sexes and between rel igious and
non-rel igious groups. The log-l ikel ihood for this
general  model  is given in Table6. We also fi tted this
general  model  to the data wi th one addi tional
parameter, that estimated ei ther the correlation
between the common envi ronmental  factors or the
correlation between the genetic factors in opposi te-
sex twin pai rs (instead of constraining these correla-
tions at 1 and 0.5, respectively). In none of these
analyses did we see a significant better fi t of the
model  to the data. This indicates that the same
genetic and shared envi ronmental  factors influence
Disinhibi tion in male and female twins.
The log-l ikel ihood of the general  model  (al l
parameters di fferent in males and females and in
rel igious and non-rel igious groups) was used as a
basel ine to test for G  E interaction. For females,
there was no significant decrease in the goodness-
of-fi t of the model  i f parameter estimates for the
genetic and envi ronmental  variances were con-
strained to be the same in the rel igious and non-
rel igious groups (2 = 1.05 wi th 3 degrees of free-
dom). In males, however, constraining the estimates
for variance components to be equal  led to a
significant decrease in the goodness-of-fi t of the
model  (2 = 10.84 wi th 3 degrees of freedom). The
significant 2 was not due to di fferences between the
two groups in the amount of variance explained by
Table 4 Current rel igion and rel igious practice in twins wi thout and wi th a rel igious upbringing
Current religious affi l iation
None RC Reformed Calvinist Other Total
No rel igious upbringing
Not rel igious, not practising 1263 128 39 0 17 1447
Rel igious, not practising 25 104 25 2 13 169
Practising 0 4 4 0 3 11
Total 1288 236 68 2 33 1627
79.2% 14.5% 4.2% 0.1% 2.0% 100%
Rel igious upbringing
Not rel igious, not practising 92 97 22 7 5 223
Rel igious, not practising 8 423 144 65 46 686
Practising 0 377 234 227 91 929
Total 100 897 400 299 142 1838
5.4% 48.8% 21.8% 16.3% 7.7% 100%
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unique envi ronmental  factors, but to di fferent con-
tributions of addi tive genetic and common envi ron-
mental  factors (last two l ines of Table6). Thus, there
seems to be a significant G  E interaction in males
on Disinhibi tion scores. For subjects wi thout a
rel igious upbringing, a large part of the variation in
Disinhibi tion is explained by genetic influences, and
the influence of shared envi ronment is smal l . In the
group wi th a rel igious upbringing, there is no
contribution of genetic factors on individual  di ffer-
ences in Disinhibi tion scores and al l  fami l ial  resem-
blance can be attributed to shared envi ronment. This
Figure3 Scores on the Disinhibi tion scale of the Sensation Seeking Questionnai re for fathers and mothers of tw ins and for male and
female adolescent and young adul t tw ins as a function of rel igious upbringing
Table 5A Twin resemblances (correlations) for Disinhibi tion as a
function of rel igious upbringing
MZM DZM MZF DZF DOS
Rel igious 0.62 0.62 0.61 0.50 0.38
Non-rel igious 0.62 0.35 0.58 0.35 0.30
Rel igious: MZM = 149, DZM = 124, MZF = 227, DZF = 169,
DOS = 259 pairs
Non-rel igious: MZM = 143, DZM = 123, MZF = 188, DZF = 151,
DOS = 214 pairs
Table 5B Percentage of variance in Disinhibi tion explained by
addi tive genetic factors (A), common (C) and unique envi ronment
(E) for males and females as a function of rel igious upbringing;
parameter estimates wi th 95% confidence intervals in
parentheses
Mean A C E
Fem, rel igious 29.45 37 (22–55) 25 (09–37) 38 (32–46)
Fem, non-rel igious 31.86 61 (07–67) 00 (00–48) 39 (32–51)
Male, rel igious 34.21 00 (00–22) 62 (43–69) 38 (31–45)
Male, non-rel igious 36.53 49 (14–69) 11 (00–40) 40 (32–51)
Table 6 Tests of genotype × rel igion interaction for Disinhibi tion
–2* log-l ikelihood χ2 df
Al l  parameters di fferent: 23101.91 – –
Females: al l  parameters equal : 23102.96 1.05 3
Males: al l  parameters equal : 23112.75 10.84 3
estimates for E equal : 23102.17 0.26 1
estimates for A equal : 23108.01 6.10 1
estimates for C equal : 23111.36 9.45 1
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last finding raises the question of which shared
envi ronmental  influences contribute to variance in
Disinhibi tion in this group.
Table4 showed that rel igious upbringing is closely
related to current rel igious affi l iation. In individuals
wi thout a rel igious upbringing there is l i ttle varia-
tion in rel igious affi l iation (80% have no affi l iation),
whereas in the group of individuals wi th a rel igious
upbringing, there is substantial  variation in affi l ia-
tion. We looked at whether (wi thin this group)
current affi l iation had an effect on Disinhibi tion
scores. The resul ts are given in Table7, which shows
the mean Disinhibi tion scores for males and females
as a function of rel igious affi l iation. In both sexes
there was a significant effect of affi l iation (F ratios on
Disinhibi tion: al l  males F(4,1674) = 16.97; only
rel igious males F(3,993) = 11.26; al l  females
F(4,2082) = 22.73; only rel igious females
F(3,1311) = 11.14), but, as can be seen in Table7, the
di fferences in Disinhibi tion scores between the
di fferent affi l iations were somewhat greater in males
than in females. This finding is consistent wi th a
larger contribution of shared envi ronmental  influ-
ences on variation in Disinhibi tion scores of rel ig-
ious males than of rel igious females.
Discussion
We have studied the causes of variation in several
dimensions of rel igion, ie upbringing, affi l iation and
practice, and the influence of these aspects of
rel igion on personal i ty, anxiety and depression in a
large sample of Dutch twins and thei r parents.
Adolescent and young adul t tw ins closely resem-
ble each other in rel igious upbringing, rel igious
affi l iation and participation in church activi ties. In
contrast to most other trai ts that have been studied in
humans, the fami l ial  resemblance for rel igious
behaviour in this age group cannot be attributed to
shared genes, but seems solely due to shared envi -
ronment. We observed high twin correlations (above
0.9) for al l  these aspects of rel igion in both mono-
and dizygotic-twins. The high correlations suggest
that the relatively crude measures that were used to
assess rel igious behaviour are rel iable and also that
the twins have a strong sense of thei r rel igious
upbringing and affi l iation.
The finding of a significant contribution of shared
envi ronmental  influences to rel igious behaviour is
consistent wi th findings reported by Eaves et al
43
and Kendler et al
44
and the few other investigators
who studied rel igiosi ty in tw ins and thei r fami-
l ies.
44,45
These other studies looked at adul t Amer-
ican and Austral ian twins. In addi tion to shared
envi ronmental  influences, some studies report smal l
genetic effects on some aspects of rel igion. Truett et
al ,
46
for example, find a heri tabi l i ty of 25% for
church attendance and Kendler et al
44
find heri t-
abi l i ties of 29% and 12%, respectively, for personal
devotion and insti tutional  conservatism (a measure
based on rel igious affi l iation). The absence of any
genetic influence on variation in rel igious behaviour
in the Dutch sample may reflect di fferences between
the measures that were employed to assess rel igious
behaviour in the various studies. Another possibi l i ty
is, of course, that age di fferences between the
samples explain the di fferences in genetic archi -
tecture for rel igiosi ty. The Dutch twins are relatively
young and i t may be that genetic influences on thei r
rel igious behaviour come to expression when they
grow older. Because the twins and thei r fami l ies are
participating in a longi tudinal  research project, we
intend to address this issue in the future.
Al ternatively, the absence of any genetic influ-
ences and the large effect of shared envi ronment on
rel igious behaviour in Dutch twins may reflect a true
di fference between Dutch and American/Austral ian
society. The number of individuals in our study who
report no rel igious affi l iation is higher than in the
other studies. On the other hand, the degree of
denominational  segregation is probably much larger
in Dutch society than i t is in the USA or in Austral ia.
For example, chi ldren from age4 onwards go to
schools that are segregated according to rel igious
denomination. At present 35% of primary schools
are non-rel igious, publ ic, schools, 30% are Roman
Cathol ic, 30% are Protestant and 5% are private non-
denominational  schools. A l l  ‘private’ schools are
ful ly financed by state funds.
47
This denominational
segregation continues through high school  and even
universi ty. Other aspects of publ ic l i fe also show a
simi lar division along rel igious l ines, which
involves youth organisations, sport and cul tural
clubs, media, insurance companies, heal th insti tu-
tions and hospi tals, old-age homes, and housing
associations. The high degree of shared envi ron-
mental  influences in the twin data seems to capture
this system of ‘voluntary apartheid’ in Dutch
society.
47
Rel igion influences the way individuals respond
to personal i ty questionnai res. The influence of rel ig-
ion was evident on several  personal i ty dimensions,
Table 7 Mean Disinhibi tion scores for males and females as a
function of rel igious affi l iation
Males Females
N Mean SD N Mean SD
No rel igion 682 36.73 7.48 772 32.06 6.84
Rel igious 997 34.57 7.39 1315 29.77 6.48
R.C. 569 35.72 6.71 724 30.65 6.09
Reformed 209 33.15 8.07 303 29.08 6.64
Calvinist 132 33.18 7.46 187 27.98 6.78
Other 87 32.55 8.52 101 28.92 7.15
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but was most pronounced for the scales of the
Sensation Seeking Questionnai re. Individuals wi th a
rel igious background scored lower on the neurotic-
ism, anxiety and depression scales. This finding is
consistent wi th most of the l i terature on rel igion and
psychopathology.
44,48
Rel igious subjects also scored
lower on the scales of the Sensation Seeking Ques-
tionnai re. Especial ly the Disinhibi tion scale showed
large effects of rel igiosi ty. Zuckerman
42
reports one
other study that found rel igion to be a significant
source of variation in Sensation Seeking. Both men
and women wi th a rel igious affi l iation or who
frequently attended church scored low on Sensation
Seeking.
In addi tion to a large effect on mean Disinhibi tion
scores, rel igious upbringing influences the genetic
archi tecture of Disinhibi tion: in adolescent and
young adul t tw ins who report a rel igious upbringing,
the influence of genetic factors on variation in
Disinhibi tion is lower in females (al though statisti -
cal ly not significant) and in rel igious males heri t-
abi l i ty for Disinhibi tion is zero. In rel igious males
(and to a lesser extent in rel igious females) the
fami l ial  resemblance for Disinhibi tion is due to
common envi ronmental  factors shared by fami ly
members. As was shown in Table7, wi thin the group
of tw ins wi th a rel igious upbringing there is sti l l  a
significant effect of denomination on Disinhibi tion
scores. Roman Cathol ic males and females score
higher on Disinhibi tion than Protestants and other
denominations. These resul ts consti tute evidence of
Genotype  Envi ronment interaction on Disinhibi -
tion scores and suggest that rel igious upbringing
and/or other aspects of rel igiosi ty that are associated
wi th a rel igious upbringing tend reduce the impact
of the genotype on Disinhibi tion.
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